The young, immature fruit of satsuma mandarin produced a great amount of ethylene. Starting after a few days off the tree, the fruit began producing ethylene at an increasing rate, rising to a maximum and falling off thereafter. The highest rate was obtained for the fruit harvested June 17. The rate of ethylene production decreased as the fruit increased in weight. For the young fruit harvested in May and June, the high rates of ethylene production were associated with browning of the fruit. For the fruit sampled in July browning was not observed and the increasing rate of ethylene production paralleled that of respiration, followed by yellowing of the rind. The fruit harvested in September and those of all subsequent harvests produced no measurable quantities of ethylene.
Introduction
Citrus fruits have been classified by Biale as non-climacteric fruit from the evidence that ripe fruits exhibit no post-harvest increase in respiration (4). However, Aharoni has demonstrated that in young, unripe oranges and grapefruit, there was a marked increase in respiration after harvest, paralleling a marked ethylene production, which resembled the climacteric type of respiration and ethylene production (2). Eaks also found the remarkable rise in respiration after harvest for the young fruits of grapefruit and oranges but not for lemon, which he referred to as a pseudoclimacteric (5) . But the increase in respiration and ethylene production shown by young and immature citrus fruits were considered to be different from those found in typical climacteric fruits from the response to applied ethylene (3, 5) . A similar observation was made by us for satsuma mandarin fruit that the young fruits produced ethylene remarkably after harvest (6). The present paper deals with ethylene production and respiration of satsuma mandarin fruit harvested at different stages of development from May to November. A marked production of ethylene by excised segments of fruit or tissues like flavedo, albedo and pulp is also reported.
Materials and Methods
Satsuma mandarin fruit(Citrus unshiu Marcovitch, cv.Owari) were harvested during the months from May to November 1975. Blooming was almost completed by the middle of May. The fruit became almost entirely ripe on the tree by the end of November.
Small fruits harvested in May, June and July were placed in 1.5-liter desiccators. Larger fruits harvested from September to November were placed in 10-liter desiccators used as the respiratory chambers.
The desiccators were sealed with covers with ono-hole silicone rubber stoppers. They were covered with black cloth to prevent the effect of light. After closure for 2 to 3 hr, the atmospherein the desiccators was sampled through the stoppers with a plastic syringe, and ethylene and CO2 concentration were determined.
Determinations were carried out daily at 22°C.
Ethylene was measured on a Hitachi 063 gas chromatograph equipped with a hydrogen flame ionization detector and an activated alumina column.
This system could detect 0.02 ,ul ethylene per liter in a 1.0 ml gas sample. C02 concentrations were determined by thermal conductivity gas chromatography using a Porapak Q column.
Ethylene production and respiration were expressed on fresh weight basis.
For the measurement of ethylene production by excised tissues, fruit were cut longitudinally into halves to eighths. They were dipped in a 1 % KCl solution or in that containing SOCIET Y FOR HORTICULTURAL SCIENCE cycloheximide and subjected to vacuum infiltration under 50mmHg for 5min. The vacuum infiltration was very effective to administrate inhibitors such as cycloheximide into segments. After the infiltration they were blottd with filter paper and placed in 130 ml Erlenmeyer flasks, then incubated at 26°C in the dark. The flasks were sealed with rubber serum caps (SGA Scientific Inc.) and the gas phase sample in the flasks was periodically determined for ethylene by gas chromatography. After each sampling, the flasks were flushed with air and: then resealed.
In later experiments as fruit developed, flavedo, albedo and pulp were separated from the fruit and individual tissues. were measured for ethylene production. much as 40.7 ,al/kg/hr 4 days after harvest, the rate decreasing subsequently (Fig. 1 a) . On the day fruit were harvested (0-day) they produced no detectable ethylene.
Three days after harvest the fruit were turning brown. The symptom of necrosis progressed day by day. The rate of respiration was very high initially, but it declined to reach a low level, where almost all fruit became necrotic. The fruit harvested June 17 (average fresh weight: 1.7g) produced much more ethylene than those harvested before.
In the early days after harvest they produced no detectable ethylene. The rate of ethylene production began to increase after 4 days, reaching a maximum after 5 days, when it amounted to 116.5,u1/kg/ hr and then fell off (Fig. 1 b) .
Five days after harvest browning was clearly evident. A high rate of respiration dropped sharply after harvest, which did not keep going down RESPIRATION OF SATSUMA MANDARIN 429 but rather tended to rise 4 to 5 days. The fruit harvested June 30 (average fresh weight : 4.7 g) produced ethylene greatly after 5 days, but to a less extent than that by the June 17 harvest (Fig. 1 c) . The rate of ethylene production exhibited two peaks, the former appearing to coincide with the peak of respiration and relate to degreening (yellowing) of the fruit. The latter peak seemed to be associated with browning.
The ability of the fruit to evolve ethylene diminished as the fruit became larger and developed. As seen in Figs. 1d and 2 a, the fruit of July 28 harvest (average fresh weight : 19.2 g) produced only 6.6,u1/kg/hr at a maximum reached 7 days after harvest. Inn this case, however, there was a close parallelism between ethylene production and respiration (Fig. 2 a) , suggesting that the rise in respiration could be caused by the ethylene produced.
The yellowing of the fruit peel (Fig. 2 a) . The fruit harvested Sept. 6 (average fresh weight: 48.4g)produced no detectable ethylene throughout the post-harvest experimental period (Fig. 2 b) .
There was also no increase in respiration.
A sharp respiratory decline was followed by a subsequent gradual decrease. The same tendency was obtained for the fruit harvested Oct. 21 (111g/fruit) and Nov. 25 (115 g/fruit) (Figs. 2 c and 2 b) . In neither case was detectable ethylene produced.
2. Ethylene production by excised tissues When young fruit were cut into small pieces (e, g, quarters) and incubated in the dark at 26°C, a large quantity of ethylene was evolved in a rather short time as shown in Fig. 3 . At a peak reached after incubation for about 40 hr the rate amounted to 161.0 nl per g fresh weight per hr. The great amount of ethylene produced by the excised segments was reduced almost completely by applying 3.6>< 10.5 M cycloheximide known to be an inhibitor of APANESE SOCIETY FOR HORTICULTURAL SCIENCE protein synthesis. Fig. 4 shows the increasing patterns in the rate of ethylene production by the excised segments of young fruit harvested June 16. The whole fruit, referred to as 1/1 in Fig. 4 , evolved a slight amount of ethylene shortly after incubation, followed by a marked increase. A much less lag period compared to that of Fig. 1 b could be due to that in this experiment stem ends were removed from the fruit, which may have caused some injury. By cutting into half the rate of ethylene production was greatly stimulated.
The smaller the segments the faster the rise in the rate. The ethylene production fell off as necrosis progressed.
The fruit harvested July 14 were cut and separated to flavedo, albedo and pulp and those measured for ethylene production. The rate of ethylene production rose first for the pulp, followed by the albedo and flavedo (Fig. 5) . The rapid rise induced in the pulp tissue was markedly arrested by cycloheximide.
Discussion
The young, immature fruit of satsuma Fig. 3 . Ethylene production by excised segments of young fruit of satsuma mandarin harvested June i1 during incubation at 26°C in the dark. Whole fruit were cut into quarters and those measured for ethylene production. The rate of ethylene production was expressed as nl of ethylene produced per g fresh weight per hr. Cycloheximide (3.6 x 10-5M) was applied to the segments initially by the procedure of vacuum infiltration. mandarin produced a large amount of ethylene. Starting after 2 to 3 days off the tree, the fruit began producing ethylene at an increasing rate, rising to a maximum by 4 to 7 days and then decreasing to a low level. The highest peak was obtained for the June 17 harvest. Similar ethylene productions were observed on successive harvests, but the peak rates decreased as the fruit increased in weight.
The fruit harvested Sept. 6 and those of all subsequent harvests produced no measurable quantities of ethylene. For the young fruit harvested by June, the high rates of ethylene production seemed to be closely associated with tissue browning.
No browning was observed for the fruit sampled in July and the production of ethylene paralleled the respiratory increase.
The increase in ethylene production was also accompanied by yellowing of the rind. For production of ethylene there seem to be three stages : I) high rates of ethylene production with tissue browning ; II) relatively lower rates of ethylene production accompanied by respiratory increase and chlorophyll breakdown ; and III) no measurable ethylene production with no respiratory increase. It is of interest to ask how ethylene is caused to produce in the young fruit during the postharvest period.
It may be supposed that removal of fruit from the tree may stop the supply of a substance which could inhibit the functioning of ethylene-producing system and result in the initiation of ethylene evolution. However, this hypothesis is difficult to explain the facts that when young fruit are cut into segments immediately after harvest, ethylene is evolved rapidly and that for the fruit which do not produce ethylene when intact, harvested in September, October and November, a large amount of ethylene is produced by wounding. But by assuming an existence of two systems for ethylene production in the fruit, i, e, one is for intact whole fruit and the other for wounded tissues, these observations would be reconciled.
Wounding is known to cause plant tissues to evolve ethylene (1). Riov et al found that grapefruit flavedo disks produced a great amount of ethylene during incubation (7). The separated tissue of satsuma mandarin fruit, namely flavedo, albedo and pulp, produced ethylene with respective increasing patterns.
Albedo has been used for the subsequent experiments for studying the mode of ethylene production, because albedo is easy to manipulate, quite a homogeneous tissue and it produces ethylene at a greater rate during the course of incubation.
Ethylene production induced in the excised albedo tissue was also completely inhibited by cycloheximide, suggesting that the formation of ethylene-producing system involves de novo synthesis of protein.
Using labeled methionine by 14C, it appeared possible that the precursor of ethylene in the albedo tissue was methionine (Hyodo, manuscript in press).
Little is known about what kind of substance or condition is responsible for the induction of the ethylene production in the wounded tissue of citrus fruit. 
